Introduction
Early childhood malnutrition is a major public health problem in developing countries (Black et al., 2003) . In the acute stage, severely malnourished children have poor levels of mental development and they continue to have low intelligence levels, behavior problems and poor school achievement in later childhood (Grantham-McGregor, 1995) .
Malnourished children can make a remarkable improvement in development with adoption (Colombo et al., 1992) . However, it is difficult to replicate this level of intervention. In early studies, severely malnourished children stayed in hospital for long periods (Yaktin and McLaren, 1970; Cravioto, 1977) when they received play activities regularly by professionals. The children showed only transient developmental benefits (McLaren et al., 1973; Cravioto and Arrieta, 1979) . Possible reasons were that long hospital stays have a detrimental effect on children's emotional development, and mothers were not involved with the stimulation. In a small non-randomized study severely malnourished children were engaged in play activities daily in hospital for around 6 weeks, and subsequently the mothers participated in a 3-year programme of home visiting. The children showed sustained benefits to their mental development (Grantham-McGregor et al., 1994) . In spite of recommendations by the World Health Organization (WHO, 1999) , stimulation has generally not been incorporated into the management of malnourished children. In Bangladesh, 13% of children under 5 years are severely underweight (weightfor-age (WAZ) oÀ3 z scores) (UNICEF, 2006) . Consequently, they are admitted to hospital only if they are extremely malnourished and for very short periods. The challenge is to develop an intervention that benefits children's development in this situation.
The Nutritional Rehabilitation Unit (NRU) of ICDDR,B Dhaka hospital admits severely malnourished children aged 5 months-5 years after recovery from acute illnesses, along with their mothers for approximately 2 weeks. The unit provides medical and nutritional care based on WHO recommendations (WHO, 1999) . Children are discharged when their weight-for-length exceeds 80% of expected value and are free of oedema and infection. No systematic programme of psychosocial stimulation existed before this study.
We aimed to integrate a low-cost feasible programme of psychosocial stimulation into the management of severely malnourished children at the NRU, which would be sustained by mothers at home and to assess the effects on their growth and development.
Methods

Subjects
Participants were singleton children in the NRU, aged 6-24 months, with weight-for-age o50% of the median of the NCHS reference (Hamill et al., 1977) or weight-for-length o70%, or with nutritional oedema, living in an area accessible to the hospital. Children with another serious disease or impairment, or those whose caregiver was unable to provide stimulation owing to physical or mental disability were excluded. All children who fulfilled the criteria during the enrolment period were enrolled in the study; however, if they left the hospital before 2 weeks or were later diagnosed with TB, they were subsequently excluded. Mothers sometimes left before 2 weeks because they were needed at home.
Study design
We conducted a time-lagged controlled study with a control group enrolled initially, followed by an intervention group. A randomized trial was not possible because it was considered unethical to withhold intervention from some children and not others in the same hospital ward. The sample size of 36 children in each group was sufficient to detect a 10-point difference on the Bayley Scales (Bayley, 1993) , with 80% power and 5% level of significance.
The control group was enrolled between October 2002 and July 2003 and the intervention group was enrolled between August 2003 and June 2004. In the first phase, 186 children were admitted to the NRU, but only 56 (30%) fulfilled the enrolment criteria and 13 of these left hospital early leaving 43 enrolled controls (Figure 1) . A total of 244 children were admitted to the NRU during the second phase; 77 children (32%) fulfilled the enrolment criteria and 23 of these left hospital early leaving 54 enrolled in intervention. Reasons for exclusion from the study were mainly overage, living far from the hospital or refusal to participate and were similar between the two groups.
Both groups received routine nutritional and health care in hospital, whereas the intervention group also participated in stimulation sessions. On leaving the NRU, both groups were asked to attend the Hospital Nutritional Follow-up Unit (HNFU) seven times over the next 6 months (two visits in the first month and then monthly). At the HNFU, both groups received health and nutrition education. The children's growth was monitored and they were given micronutrient supplementation, whereas the intervened group alone participated in individual play sessions. In addition, the intervened group received home visits: two in the first month, three in each of the following 2 months and one in each of the last 3 months. Thus, the intervened children participated in a total of 18 supervised play sessions either in the HNFU or at home, whereas the control group had seven routine HNFU visits and no home visits.
Measurements
The children's mental and psychomotor development was assessed with BSID-II (Bayley, 1993) on enrolment, on leaving hospital and 6 months later. A female tester, unaware of the children's group or study design, assessed the children in the presence of their mothers at the institute. Six percent of the tests (n ¼ 13) were observed by the supervisor, and interobserver reliabilities (intraclass correlations) were r ¼ 0.99, Po0.001 for both Mental (MDI) and Psychomotor (PDI) Development Indices. The test is not standardized in Bangladesh but has been used earlier , when good test-retest reliabilities were achieved. Furthermore, the scores were related to children's nutritional status, socioeconomic conditions and home stimulation in a theoretically sensible way.
The children's behavior during the tests was rated on five 9-point scales, modified from those of Wolke (Wolke et al., 1990) . The scales were response to the examiner (with ratings ranging from avoiding ¼ 1 to friendly and inviting ¼ 9) in the initial 10 min, activity level (motor activity, very still ¼ 1 to overactive ¼ 9), emotional tone (unhappy for long periods ¼ 1 to radiates happiness ¼ 9), vocalization (very quiet ¼ 1 to constant vocalization ¼ 9) and cooperation with the tester (resisting all suggestions ¼ 1 to always complying ¼ 9) throughout the assessment. Interobserver reliabilities (intraclass correlation) for the 5 behavior ratings on 13 cases ranged from 0.82 to 0.96. The same research assistant measured the children's height and weight using standard procedures (Cogill, 2003) at each test session.
Shortly after the child left the NRU, a research assistant collected information at home on socioeconomic, demographic and parental characteristics. From a list of 10 common items such as TV, radio, bed, etc., the ones owned by the family were recorded and summed to form an asset index. The structure of the house, presence of a sanitary latrine, water and electricity in the house were rated and the ratings were added to make a housing index. The number of people per room was used for a crowding index.
Intervention
The intervention was delivered by play leaders, who were female health workers in the NRU. They had 8 years of schooling and were given 2 weeks training. A manual was provided with messages on child development and a detailed curriculum of activities arranged by stage of development. Children were taught concepts such as shape, size, quantity, etc. In hospital, mothers and children participated daily in a half-hour group session and a half-hour individual play session. The play leaders demonstrated how to use not only everyday activities such as feeding and bathing to promote children's development, but also play activities using homemade toys. Mothers were encouraged to play and chat with their children, and to give positive feedback and continue the activities between sessions. We also aimed to improve the self esteem of mothers through praising them, listening to them and giving them new skills. During the home visits, play leaders demonstrated developmentally appropriate play activities and left toys with the child that were replaced at each visit. A supervisor observed the visits regularly.
Procedure
Written consent was obtained from the caregivers on enrolment. The project was approved by the research and ethical review committees of ICDDR,B.
Data analysis
Many children (23 and 54% in MDI and PDI, respectively) scored below 50, the lowest level at which MDI and PDI could be calculated. We therefore used the mental (MRS) and motor (PRS) raw scores adjusted for age instead of the MDI and PDI in the analyses (Black and Matula, 2000) . As the 23 left hospital early
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3 were diagnosed late with TB 7 had no fixed caregiver 9 moved away 2 died Psychosocial stimulation of children in hospital B Nahar et al study design was not randomized in the analysis of treatment effect, we controlled for all the covariates related to the outcome in univariate analyses. We examined the treatment effect in a series of hierarchical multiple regression analyses of each outcome variable (final MRS, PRS, behavior ratings and anthropometry). Age and the relevant initial scores were entered in the first step, all background variables associated with the outcome variables were offered in the second step, and group (control ¼ 0, intervention ¼ 1) was entered in the third step. Initial WAZ and length-for-age (LAZ) were highly correlated (r ¼ 0.82) and both were correlated with PRS. Therefore, in the regression on PRS, we offered only WAZ, which had the highest correlation.
Results
Loss from study and enrolment characteristics More of the intervention than the control group was lost from the study (39 vs 14%, P ¼ 0. 006). After discharge, four children died (two from each group) and 13 others (four from control and nine from intervention groups) moved and could not be traced for follow-up. Among the intervention children 10 were excluded (Figure 1) , and of these three were found to have TB and seven had no available caretaker to participate with the intervention. There were no significant differences between lost and tested children in either group in any socioeconomic background variable, parental or child characteristic on enrolment, except that the lost children in intervention had significantly lower MRS and PRS (P ¼ 0.03 for both). We controlled for enrolment scores in the multiple regressions. There were some errors in the final length measurements, and so we used only weight to assess effects on growth.
Initial status
In children who completed the study, there was no significant difference between the groups on enrolment in any socioeconomic measure (Table 1) or child characteristic including all developmental and anthropometric measures ( Table 2 ). The mean age (s.d.) was 12.4 (4.6) months and boys comprised 54% of the population. In general, the children were extremely malnourished with a mean WAZ of À4.4, and 46% had oedema.
Follow-up data
The groups had similar durations of hospital stay (control group mean (s.d.) 16.6 (7.7) days and intervention group 17.6 (4.4) days). On discharge from hospital, there remained no significant difference between the groups in any developmental or anthropometric measures (Table 2) . Six months later, the intervention group had significantly higher scores in mental (Po0.001) and motor development (P ¼ 0.047) and WAZ (P ¼ 0.03) ( Table 2 ), but there were no significant group differences in behavior ratings.
Correlation with outcome variables
The final Bayley scores were correlated with age of testing (Pearson correlations: mental score, r ¼ 0.77, motor score, r ¼ 0.62, Po0.001). In the combined groups, by controlling for child's age the final mental raw score was associated with father's education (r ¼ 0.26, P ¼ 0.03) and initial WAZ (r ¼ 0.28, P ¼ 0.02) and negatively with mother's employment (r ¼ À0.28, P ¼ 0.02) and age (r ¼ À0.29, P ¼ 0.016). The final motor raw score was associated with assets (r ¼ 0.30, P ¼ 0.01), initial WAZ (r ¼ 0.40, P ¼ 0.001) and LAZ (r ¼ 0.38, P ¼ 0.001). Final WAZ was significantly correlated to assets (r ¼ 0.30, P ¼ 0.02) and negatively correlated to mothers being employed (r ¼ À0.28, P ¼ 0.03) ( Table 3) .
Treatment effect
Controlling for covariates, treatment had a significant benefit on mental (Po0.001) and motor (P ¼ 0.02) development. The effect sizes were 0.52 of a standard score for MRS and 0.37 of a standard score for PRS. Age and initial score were significant predictors in both regressions (Table 4 ). Father's education and maternal age were significant predictors of mental scores with children of older mothers having poorer levels of development. Family assets predicted motor scores. There was no significant treatment effect on any of the five behaviour ratings.
Treatment also had a significant effect on growth in WAZ (effect size 0.39 standard score (P ¼ 0.03)). Initial scores were also significant and maternal employment was negatively Psychosocial stimulation of children in hospital B Nahar et al associated with WAZ (Table 4) . In a further series of regressions of MRS and PRS we used the same models but also entered the final WAZ, and the treatment effect remained significant and was only slightly reduced.
Discussion
Very severely malnourished children who participated in a programme of psychosocial stimulation showed significant benefits in mental and motor development and growth in weight. The study was not a randomized trial, and therefore it is important to demonstrate that the groups were well matched. More intervened than control children were lost from the study. More moved homes because of severe flooding in the second year and seven intervened children were dropped because they did not have any fixed caregiver, mainly due to mothers leaving home or being employed and it was difficult to provide stimulation. It is possible that children with no fixed caregiver received poorer care than other children did, and excluding them from the intervened group only may have biased the findings. Unfortunately, we have no data on the consistency of caretaking in the controls. However, there were no significant differences on enrolment between the groups who completed the study in characteristics of the homes and parents or in the children's nutritional status, mental and motor development. In addition, both groups received the same medical and nutritional care and spent similar time in the same hospital ward, and the tester was unaware of the children's group. Furthermore, we controlled for all variables that were associated with the outcomes or that were different between those tested and not tested. It is therefore highly likely that the group differences at follow-up were because of the intervention. However, it remains possible that the circumstances that affect children's development changed over time, but we are unaware of any.
The intervention group benefited by 0.52 of a standard score in mental development raw scores, which is equivalent to 8.1 points on the MDI (s.d. of the mean ¼ 15.6). This benefit is substantial and probably of functional importance. Considering the relatively low intensity and short duration of the intervention, the results are very encouraging. We hypothesize that the benefits came from changing the way the mothers interacted with their children, but unfortunately we were unable to measure it. In Jamaican studies of stimulation with less severely malnourished children, the cognitive benefits of a similar size have been sustained (Walker et al., 2005) ; however, the intervention in Jamaica was much longer and long-term follow-up is necessary to determine the sustainability of the benefits.
Unlike previous studies (Yaktin and McLaren, 1970; Cravioto, 1977; Monckeberg, 1979; Grantham-McGregor et al., 1994) , children stayed in hospital for only 2 weeks; however, the mothers lived in wards. We thought it was unlikely that play with the child for only 2 weeks would have any long-term effect and adapted the curriculum for the hospital stay to focus more on the mothers. In particular, we encouraged them to integrate developmental activities into daily routine care such as bathing and feeding. Subsequently, the children had play sessions during their clinic visits and were visited at home.
No benefits were apparent at the end of hospitalization and it is possible that the benefits came from the clinic and home visits. However, the maternal education during the hospital stay could have been critical for the success of the follow-up intervention. Further investigation is needed to determine the relative importance of the hospital, outpatient and home intervention.
The children benefited less in motor development (0.37 of a standard score that is equivalent to 5.5 points on the PDI (s.d. ¼ 15.0)), and we cannot be certain about the functional importance. Previously , stimulation in undernourished children benefited mental more than motor development, whereas nutritional supplementation more often benefits motor development (Pollitt and Oh, 1994) .
All the children had extremely poor levels of development. Even at the 6-month follow-up, 12.9% in MDI and 28.6% in PDI had scores of 50 or below. Although the Bayley Scales are not standardized for Bangladesh, they have been used here by the same research group (Hamadani et al., 2001 (Hamadani et al., , 2002 Tofail et al., 2006) when adequately nourished community children had mean scores in the normal range.
The lack of benefit in the children's behavior during the test was surprising. However, behavior during tests may not represent behavior at home. It remains possible that the children improved in behaviours that were not measured.
Improvement in development occurred in spite of the children's extremely poor nutritional status. Although the children improved in nutritional status, most (64%) remained severely malnourished (WAZoÀ3 s.d.) and another 25% had WAZ oÀ2 s.d. at 6 months' follow-up and obviously required longer term nutritional support.
Improved growth in weight with stimulation was an interesting finding. Several previous studies failed to find growth benefits from stimulation (Grantham-McGregor et al., 1991 Hamadani et al., 2006) . One study reported growth benefits (Monckeberg, 1979) ; however, it was not possible to attribute the improvement to stimulation because better nutritional and medical care was also provided. In a Colombian study (Super et al., 1990 ), children's growth was not benefited during stimulation, but 3 years later some benefit was observed. The investigators (Super et al., 1990) attributed the improvement to the mothers providing a better diet.
The mechanism of improved growth in the present study is unclear. Both groups received the same dietary management in hospital and their growth was not different. It is possible that the extra attention that the intervened children received from the visit of a health worker caused the mothers to feed the children more, or that the intervened children Model for motor score: step 1: initial age and motor score entered, step 2: assets, initial WAZ offered, step 3: group entered. Model for WAZ score: step 1: initial age and WAZ score entered, step 2: mother's employment and assets offered, step 3: group entered.
were more demanding. A further possibility is that stimulation improved mother-child interaction, which led to better feeding techniques. Unfortunately, we had no measures of mother--child interaction. The benefit in growth is encouraging but needs replication in further studies. The extremely poor levels of development in these children are of great concern and more effort must be made to prevent malnutrition and poor development. Prevention of poor development is easier and cheaper than remediation (Heckman, 2004) . Following this study, an intervention programme has been incorporated into the existing programme of management of severe malnutrition in the NRU and all children are included. There is an urgent need to introduce similar programmes to other centres that treat severely malnourished children throughout Bangladesh and other developing countries. The results suggest that not only should play and maternal education be added to hospital treatment but also longer term intervention with home visits should be implemented.
